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Abstract
In the light of latest measurements of the total e+ + e− flux by CALET and DAMPE exper-
iments, we revisit the multicomponent leptonically decaying dark matter (DM) explanations to
the cosmic-ray electron/positron excesses observed previously. Especially, we use the single and
double-component DM models to explore the compatibility of the AMS-02 positron fraction with
the new CALET or DAMPE data. It turns out that neither single nor double-component DM
models are able to fit the AMS-02 positron fraction and DAMPE total e+ + e− flux data simulta-
neously. On the other hand, for the combined AMS-02 and CALET dataset, both the single and
double-component DM models can provide reasonable fits. If we further take into the diffuse γ-ray
constraints from Fermi-LAT, only the double-component DM models are allowed.
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I. INTRODUCTION
High-energy cosmic ray (CR) particles, including electrons, positrons, (anti)protons, and
various nuclei, are important targets for the dark matter (DM) indirect searches [1, 2], since
they might be the products of DM annihilations/decays. Recently, CALorimetric Electron
Telescope (CALET) has published a new measurement on the total e+ + e− flux spectrum
in [4, 5], which extended the energy range compared with their 2017 data [3]. In comparison,
DArk Matter Particle Explorer (DAMPE) [6] provided a similar measurement on the same
spectrum with the highest energy at 4.6 TeV. These new measurements provide us several
new features of the CR electrons/positrons. The DAMPE data [6] can be well fitted by
a smooth broken-power-law spectrum and displays a spectral break at about 0.9 TeV. It
also exhibits an intriguing peak-like excess around 1.4 TeV. On the other hand, the latest
CALET data [4] agrees with other experiments up to several tens of GeV, while it is lower
than those of DAMPE from 30 GeV to 800 GeV. It also confirms a flux suppression above
1 TeV suggested by the DAMPE data. However, it does not show the 1.4 TeV peak.
One remarkable discovery in the DM indirect searches is the observations of the possible
electron/positron excesses by PAMELA [7, 8], Fermi-LAT [9–11], AMS-02 [12–16], and many
others [17–21]. Such excesses indicate that there are some unknown nearby e+/e− sources
in our Galaxy. One kind of popular candidates is provided by the DM annihilations [22–28]
or decays [24–26, 29, 30, 32–34], while other explanations involve pulsars [35] or some exotic
astrophysical e+/e− acceleration mechanisms [36]. Note that the DM scenarios have been
stringently constrained by the measured CR antiproton-to-proton ratio and (anti-)proton
fluxes [37–40] which agreed with the theoretical astrophysical predictions very well [41], in
spite of some recent tantalizing hints for the antiproton excesses at high energies [42]. In
the literature, a simple way to evade this constraint is the so-called leptophilic DM scenario
in which only the leptons are allowed to couple to the dark sector. However, even in this
leptophilic setup, the single-component annihilating/decaying DM models have been shown
to be unable to explain all the existing data [34].
In Refs. [43–47], the multicomponent leptophilic decaying DM models [43–48] have been
proposed to interpret this puzzling situation. In Ref. [43], the spectra of the AMS-02 positron
fraction and the Fermi-LAT total e+ + e− have been demonstrated to be well fitted by
the double-component DM models which could also satisfy the diffuse γ-ray constraints
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by Fermi-LAT [49]. One bonus of this double-component DM model is that the apparent
substructure appearing around 100 GeV can be interpreted as the energy cutoff of the light
DM particle decays. In Refs. [45–47], this double-component DM model is also investigated
by using the latest AMS-02 e+/e− data release and shown to provide a good fit to the data.
In this work, we explore the implications of the latest CALET [4, 5] and DAMPE [6]
data to the e+/e− excesses observed before. Concretely, we would like to apply our single
and double-component DM models [43–47] to fit the AMS-02 positron fraction and the
CALET or DAMPE total e+ + e− flux data. Due to the explicit inconsistency between
the CALET and DAMPE data [4], we do not try to combine them. Furthermore, we only
take into account the continuous spectrum in the DAMPE data [50–52], and do not make
any attempt to explain the peak structure at 1.4 TeV [6] which may be explained by the
some nearby DM substructures [50, 53, 54]. Note that more recently AMS-02 has published
thei new results on the positron flux, which shows spectral softening around 1 TeV [16].
However, in the present paper we still use the earlier positron fraction data in Ref. [13],
since it describes the positron spectral shape more accurately than the positron flux due to
its greatly reduced systematic errors.
The paper is organized as follows. In Sec. II, we briefly summarize our multicomponent
decaying DM framework and the procedure to obtain the electron/positron fluxes. The
fitting results with the CALET and DAMPE data are given in Sec. III and IV, respectively.
Finally, we conclude and further discuss our results in Sec. V.
II. MULTI-COMPONENT DARK MATTER FRAMEWORK AND GALACTIC
COSMIC RAY PROPAGATION
Following Refs. [43–47], the e−/e+ fluxes in our multicomponent decaying DM models
can be expressed as:
Φ
(tot)
e− = κ1Φ
(primary)
e− + κ2Φ
(secondary)
e− + Φ
DM
e− ,
Φ
(tot)
e+ = κ2Φ
(secondary)
e+ + Φ
DM
e+ . (1)
Φ
(primary)
e− represents the primary electron flux, which is assumed to be originated from the
supernova remnants [55] in the Milky Way. The primary electron injection spectrum is
taken as the broken-power law qe(ρ) ∝ (ρ/ρe1,2)
−γe1,2,3 , in which ρe1,2 are two reference
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TABLE I. Parameters for the diffuse propagation, primary electrons, and primary protons.
diffuse coefficients primary electrons primary protons
D0(cm
2s−1) ρr(GV) δ vA(km s
−1) ρe1(GV) ρe2(GV) γe1 γe2 γe3 ρn(GV) γn1 γn2
7.24× 1028 4.0 0.38 38.5 3.0 61.2 1.50 2.97 2.66 12.88 1.69 2.37
rigidities and γe1,2,3 the spectral indices of the three pieces. Φ
(secondary)
e−,e+ denote the secondary
positron/electron flux spectra, which are produced by the collisions of the CR charged nuclei
with the interstellar medium in our Galaxy. The primary and secondary electrons/positrons
comprise the background e+/e− fluxes in our DM model. In this work, the CR propa-
gation is taken to be the diffusion-reacceleration model. As usual, the spatial diffusion
coefficient is given by Dxx = βD0(ρ/ρr)
δ, where ρr is the reference rigidity, β = v/c is
the velocity and δ is its spectral index, respectively. The reacceleration is parametrized by
Dpp = 4v
2
Ap
2/(3Dxxδ(4 − δ
2)(4 − δ)). The primary CR proton spectrum, which is needed
to calculate the secondary e+/e− components, is also assumed to be a broken-power-law
function with qn(ρ) ∝ (ρ/ρn)
γn1,2 . Due to the complication of the CR propagation processes,
we adopt the public GALPROP code [56] to calculate the primary and secondary e+/e−
fluxes with fixed model parameters given in Table I, which are consistent with the most
recent AMS-02 (anti-)proton and nuclei data [42, 57]. Finally, the e−/e+ fluxes with energy
below 10 GeV are affected greatly by the solar modulation, for which we take the simple
force-field approximation [58] with the Fisk potential as φF = 0.55 GV. Note that two pa-
rameters κ1,2 are inserted in Eq. (1) in order to take into account the possible normalization
uncertainties in the primary and secondary fluxes, and their values will be determined by
fitting the experimental data.
ΦDMe−/e+ represent the electron/positron flux contributions from DM decays. In the mul-
ticomponent DM framework, the total DM energy density ρ(x) in our Galaxy is taken by
N DM components χi with i = 1, 2, · · · , N with the equal density ρi(x) = ρ(x)/N , where
ρ(x) is parametrized by the isothermal profile [59]. All of the DM components are assumed
to decay via the following channels
χi → l
±Y ∓, (2)
where l is the charged leptons, and Y is a charged particle beyond the Standard Model whose
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origin and decays are not relevant to our discussion below. The decay processes in Eq. (2)
are simple realizations in the leptophilic scenario, which are easily satisfied by the recent
constraints from the CR antiproton measurements [37–41] and CMB power spectrum [60].
The differential e−/e+ multiplicity for each DM component of χi can be written as the
summation of the three leptonic channels:
(dNe,p
dE
)
i
=
1
2
[
ǫei
(dN e
dE
)
i
+ ǫµi
(dNµ
dE
)
i
+ ǫτi
(dN τ
dE
)
i
]
, (3)
where ǫe,µ,τi denote the branching ratios for e, µ, τ channels and satisfy the condition ǫ
e
i +
ǫµi + ǫ
τ
i = 1. Here, the factor of 1/2 is the consequence of the fact that e
+ and e− come out
from two different channels. It is remarkable that the normalized injection spectra for the
three two-body processes in Eq. (2) can be fixed by the kinematics. Concretely, for e and
µ-channels, the injection spectra can be obtained analytically as
(dN e
dE
)
i
=
1
Eci
δ(1− x), (4)
(dNµ
dE
)
i
=
1
Eci
[3(1− x2)−
4
3
(1− x)]θ(1 − x), (5)
with x = E/Eci, while for the τ -channel, its spectrum can be calculated with PYTHIA [61].
The electron/positron energy cutoff Eci for each DM component can be simply obtained via
Eci =
M2i −M
2
Y
2Mi
, (6)
in which Mi(Y ) represents the mass of the i-th DM particle (the particle Y ). Thus, we can
write the e± source functions from DM decays in the diffusion equation as
QDMe,p (x, p) =
∑
i
ρi(x)
τiMi
(
dNe,p
dE
)
i
, (7)
where Mi, τi and ρi(x) denote the i-th DM particle’s mass, lifetime and energy density
distribution, respectively. The charged particles e± produced by DM decays propagate
through the Galaxy and, finally, reach the Earth so that we can detect the electron/positron
signals ΦDMe+/e− . Note that e
± propagations are very complex [62], involving the the deflection
in the galactic magnetic fields and the energy losses via the bremsstrahlung, synchrotron
radiations and inverse Compton scatterings. In order to accurately predict the final fluxes
ΦDMe+/e−, we use the GALPROP code [56] to consistently solve the propagation processes with
the same diffusion coefficients as the background electrons and positrons in Table I [57].
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III. FITTING RESULTS WITH CALET
We firstly consider our single and double-component DM models by fitting the combined
dataset of the CALET total e+ + e− flux [4] and AMS-02 positron fraction [13]. Note that
the latest release of the e+ + e− flux data by CALET in Ref. [4] contains 40 data points
ranging from 11 GeV to 4.8 TeV, while the AMS-02 measurement of the positron fraction in
Ref. [13] has 43 data points above 10 GeV, which are less affected by the solar modulation.
Thus, there are totally 83 data points in our simple χ2 fitting.
A. Single-Component Dark Matter
In this subsection, we focus on the single-component DMmodels. Note that the fitting can
only give the best-fit value for the combinationmDMτDM. Thus, without loss of generality, the
DM lifetime is meaningful only when the DM mass is determined. We choose several typical
lepton energy cutoffs to be 600, 800, 1000, 1200, and 1500 GeV, and the corresponding DM
masses mDM can be fixed by kinematics via Eq. (6) with the mass of Y being mY = 300 GeV.
We further allow DM to decay through e, µ and τ -channels simultaneously and ask for the
respective branching ratios ǫe,µ,τ with the normalization constraint ǫe+ǫµ+ǫτ = 1. Together
with κ1 and κ2 to account for the primary and secondary e
−/e+ uncertainties, there are
totally 6 parameters in the present single-component DM models.
TABLE II. Parameters leading to the minimal values of χ2 with the single DM cutoffs being 600,
800, 1000, 1200 and 1500 GeV, respectively.
Ec(GeV) mDM(GeV) κ1 κ2 ǫ
e ǫµ ǫτ τ(1026s) χ2min χ
2
min/d.o.f.
600 1271 0.95 1.62 0.09 0 0.91 1.54 90.4 1.17
800 1654 0.94 1.64 0.05 0 0.95 1.29 89.0 1.16
1000 2044 0.94 1.65 0.03 0 0.97 1.13 91.3 1.19
1200 2437 0.94 1.66 0.01 0 0.99 1.01 97.6 1.27
1500 3030 0.93 1.66 0 0 1.0 0.88 116.1 1.51
The fitting results are presented in Table II and Fig. 1. In Table II, it is shown that
the single-component DM model with the energy cutoff smaller than 1 TeV can provide a
relatively good fit to the combined CALET and AMS-02 data as the values of χ2min/d.o.f
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FIG. 1. The best-fit total e+ + e− flux (left panel) and positron fraction (right panel) for single-
component DM models with the data from the CALET e+ + e− flux and the AMS-02 positron
fraction. In each plot, the solid yellow, red, blue, orange and green lines (from left to right)
correspond to the cases with the DM electron cutoffs to be Ec = 600, 800, 1000, 1200 and 1500
GeV, respectively, while the dotted black line represents the common background e+/e− spectra.
are all around 1. Moreover, χ2min has a minimum when Ec = 800 GeV, indicating that the
combined data favors a decaying DM particle with its mass around 1.6 TeV. As for the lepton
flavor dependence, the τ -channel overwhelms the other two leptonic final states. However, it
has been found [30, 63–71] that such a τ -favored heavy DM particle with mDM & 500 GeV
is ruled out by the constraints from the diffuse γ-ray observations by Fermi-LAT, which
suggests that we need to consider some extensions of this simple single-component DM
model.
B. Double-Component Dark Matter
Motivated by the substructure occurred at around 100 GeV in most e+/e− data, we have
proposed the two-component DM model in which such a substructure could be interpreted as
a light DM particle with its lepton cutoff at this energy scale. In this section, we investigate
this model with the latest CALET and AMS-02 data. With the particle Y mass of mY =
300 GeV as the single-component DM models, the light DM mass can be fixed to be mL =
416 GeV for EcL = 100 GeV, while the heavy DM cutoffs are chosen to be EcH = 600, 800,
1000, 1200 and 1500 GeV with its mass mH determined according to Eq. (6). As mentioned
before, due to the strong constraints from the Fermi-LAT measurement of the diffuse γ-
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FIG. 2. The best-fit total e+ + e− flux (left panel) and positron fraction (right panel) for double-
component DM models with the data from the CALET total e++e− flux and the AMS-02 positron
fraction. In each plot, the solid yellow, red, blue, orange and green lines (from left to right)
correspond to the cases with the heavy DM electron cutoffs to be EcH = 600, 800, 1000, 1200
and 1500 GeV, respectively, while the dotted black line represents the common background e+/e−
spectra.
ray [30, 63–71], the heavy DM is only allowed to decay into e and µ-leptons, while there is
not such a constraint for the light one. In sum, there are 9 free parameters in the present
two-component DM models.
TABLE III. Parameters leading to the minimal values of χ2 with the cutoffs of the heavy DM being
600, 800, 1000, and 1500 GeV, respectively.
EcH(GeV) mH(GeV) κ1 κ2 ǫ
e,µ,τ
L ǫ
e,µ
H τL(10
26s) τH(10
26s) χ2min χ
2
min/d.o.f.
600 1271 0.95 1.52 0.01 ,0.02, 0.97 0.20, 0.80 1.46 1.61 81.7 1.10
800 1654 0.94 1.52 0.03, 0.07, 0.90 0.10, 0.90 1.51 1.34 73.2 0.99
1000 2044 0.94 1.53 0.06, 0.18, 0.76 0.05, 0.95 1.76 1.18 70.7 0.96
1200 2437 0.94 1.56 0.10, 0.40, 0.50 0.05, 0.95 2.34 1.31 72.5 0.98
1500 3030 0.94 1.58 0.18, 0.82, 0.00 0, 1 3.43 0.96 82.1 1.11
Table III and Fig. 2 summarize the final fitting results for the two-component DM models.
It is clear from the values of χ2min/d.o.f. that this two-component DM framework can give
a reasonable fit to the AMS-02 and CALET data simultaneously for O(1 TeV) heavy DM
cutoffs. It is interesting to note that the minimum value of χ2min = 0.96 can be obtained with
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the heavy DM cutoff around 1 TeV. For all cases in Table III, the heavy DM decay is always
dominated by the µ-channel, while for the light DM the most favored channel transits from
τ for EcH < 1 TeV to µ for EcH & 1.5 TeV.
IV. FITTING RESULTS WITH DAMPE
In this section, we adopt the latest AMS-02 positron fraction [13] and the new DAMPE
total e++e− flux [6] as our dataset for our fitting to the multi-component DM models. Since
the CR electron/positron fluxes below 10 GeV suffer from large solar modulation effects,
we only use the AMS-02 data above this energy threshold, so that there are totally 43 data
points. For the DAMPE data, the lowest energy is 24 GeV, so that all of the 38 points
should be considered. In sum, 81 data points will be used in our fittings. Below we discuss
the single and double-component decaying DM models, respectively. In the present work,
we focus on the DM interpretation of the continuous spectrum in the DAMPE data [6, 50],
rather than the peak at 1.4 TeV. The latter phenomenon might be the sign of some local
structures near our solar system [50, 53, 54], which is beyond the scope of the present study.
A. Single-Component Dark Matter
Following the same procedure in Sec. IIIA, we obtain the best-fit parameters and the
minimum χ2 as shown in Table IV for the single DM cutoff chosen as Ec = 800, 1000,
1200, 1500 and 2000 GeV, respectively. The corresponding best-fit spectra for the total
e+ + e− flux and the positron fraction are illustrated in Fig. 3. Generally speaking, the
large χ2min/d.o.f. & 2 for each choice of Ec indicates that our simple single-component DM
framework cannot fit the DAMPE total e++ e− flux and the AMS-02 positron fraction data
simultaneously. Nevertheless, if we take the fitting results in Table IV seriously, it is found
that the best fit sits around Ec = 1500 GeV, and the τ final state is always dominated
among the three leptonic channels. However, even in this case, the obtained DM lifetimes
are ruled out by the diffuse γ-ray measurements [63, 64].
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TABLE IV. Parameters leading to the minimal values of χ2 with the cutoffs of the single DM being
800, 1000, 1200, 1500 and 2000 GeV, respectively.
Ec(GeV) m(GeV) κ1 κ2 ǫ
e ǫµ ǫτ τ(1026s) χ2min χ
2
min/d.o.f.
800 1654 1.05 1.84 0.14 0 0.86 1.28 235 3.13
1000 2044 1.04 1.84 0.12 0 0.88 1.10 166 2.22
1200 2437 1.04 1.84 0.09 0 0.91 0.97 154 2.05
1500 3030 1.03 1.85 0.06 0 0.94 0.82 150 2.00
2000 4022 1.03 1.86 0.01 0 0.99 0.66 174 2.32
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FIG. 3. The best-fit total e+ + e− flux (left panel) and positron fraction (right panel) for single-
component DM models with the data from the DAMPE e+ + e− flux and the AMS-02 positron
fraction. In each plot, the solid red, blue, orange, green and purple lines (from left to right)
correspond to the cases with the DM electron cutoffs to be Ec = 600, 800, 1000, 1200 and 1500
GeV, respectively, while the dotted black line represents the common background e+/e− spectra.
B. Double-Component Dark Matter
Finally, we show the fitting results for the double-component DM models in Table V and
Fig. 4 for EcH = 800, 1000, 1200, 1500 and 2000 GeV. From the minimum values of χ
2
min,
it is seen that the overall quality of our fittings with our DM model is not reasonably good
for the combined DAMPE and AMS-02 dataset, even though the fittings are improved a
lot compared with the corresponding single-component DM models in the previous subsec-
tion. As indicated in Table V, the point at EcH = 1200 GeV can give the best fit to the
experimental data with χ2min = 1.79, in which both DM decays favor the µ-channel.
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TABLE V. Parameters leading to the minimal values of χ2 for double-component DM models with
the cutoffs of the heavy DM being 800, 1000, 1200, 1500, 2000 GeV, respectively.
EcH(GeV) mH(GeV) κ1 κ2 ǫ
e,µ,τ
L ǫ
e,µ
H τL(10
26s) τH(10
26s) χ2min χ
2
min/d.o.f.
800 1654 1.05 1.76 0.06, 0.54, 0.40 0.30, 0.70 2.63 1.29 219 3.05
1000 2044 1.04 1.75 0.07, 0.45, 0.48 0.24, 0.76 2.34 1.10 146 2.03
1200 2437 1.04 1.76 0.11, 0.70, 0.19 0.18, 0.82 2.92 0.97 129 1.79
1500 3030 1.04 1.77 0.15, 0.85, 0 0.05, 0.95 3.25 0.80 131 1.81
2000 4022 1.04 1.78 0.21, 0.79, 0 0, 1.0 3.10 0.69 143 1.99
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FIG. 4. The best-fit total e+ + e− flux (left panel) and positron fraction (right panel) for double-
component DM models with the data from the DAMPE total e+ + e− flux and the AMS-02
positron fraction. In each plot, the solid red, blue, orange, green and purple lines (from left to
right) correspond to the cases with the heavy DM electron cutoffs to be EcH = 600, 800, 1000,
1200 and 1500 GeV, respectively, while the dotted black line represents the common background
e+/e− spectra.
V. CONCLUSIONS AND DISCUSSIONS
In the light of the recent release of the CALET [4] and DAMPE [6] total e+ + e− flux
spectra, we have revisited our earlier multi-component decaying DM proposal [43–47] to
explain the e+/e− excesses indicated by the anomalous increase in the positron fraction
spectra measured by PAMELA, Fermi-LAT and AMS-02. In particular, we have tried to fit
the datasets of the latest AMS-02 positron fraction spectrum [13] combined with the total
e+ + e− flux of either CALET [4] or DAMPE [6].
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For the combined data from AMS-02 and CALET experiments, both the single and
double-component DM models are found to fit the data very well. In the single-component
DM cases, the three leptonic decay channels are open for the DM particle. As a result, the
DM with its cutoff Ec < 1 TeV is favored and the τ -channel is found to be dominant, which
has been excluded by the diffuse γ-ray observations by Fermi-LAT [49, 63, 64]. As for the
two-component DM models, the light DM particle with its energy cutoff EcL = 100 GeV,
motivated by the substructure seen in the positron fraction, is allowed to decay into all
lepton channels, while the heavy DM particle decays only into e± and µ± in order to avoid
the strong diffuse γ-ray constraints. It is found that the best-fit model predicts the heavy
DM energy cutoff to be EcH = 1000 GeV, and τ(µ)-channel dominates the light (heavy)
DM decays.
With the AMS-02 positron fraction and the DAMPE total e+ + e− flux data, neither
single-component nor double-component DM can give reasonable fits. The failure of our
multi-component DM framework to simultaneously fit the AMS-02 and DAMPE data could
be caused by two factors. One is the intrinsic inconsistency between the DAMPE and AMS-
02 data, which is more evident by comparing their respective total e+ + e− flux data in
Fig. 2 of Ref. [6]. Another issue is that the present multicomponent framework seems to
be too simple to accommodate both data. In our fitting, we follow the conventional simple
broken-power-law spectrum to model the primary electron source. However, it has been
recently shown in Ref. [50] that both data could be fitted at the same time by adding to the
primary electron source spectrum with an exponential cutoff factor. But the physical origin
of this cutoff is still quite unclear so that we do not consider this complicated case in this
work.
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